In order to study stellar populations and galaxy structures at intermediate and high redshift (z = 0.2 − 2.0) and link these properties to those of low redshift galaxies, there is a need for well-defined local reference samples. Especially for galaxies in massive clusters, such samples are often limited to the Coma cluster galaxies. We present consistently calibrated velocity dispersions and absorption line indices for galaxies in the central 2 R 500 × 2 R 500 of four massive clusters at z < 0.1: Abell 426/Perseus, Abell 1656/Coma, Abell 2029, and Abell 2142. The measurements are based on data from Gemini Observatory, McDonald Observatory, and the Sloan Digital Sky Survey. For bulge-dominated galaxies the samples are 95% complete in Perseus and Coma, and 74% complete in A2029 and A2142, to a limit of M B,abs ≤ −18.5 mag. The data serve as the local reference for our studies of galaxy populations in the higher redshift clusters that are part of the Gemini/HST Galaxy Cluster Project (GCP).
INTRODUCTION Massive galaxy clusters with masses of 10
14 M ⊙ or larger are major building blocks of the large-scale structure of the Universe. The precursors of these and the galaxies residing in them can be traced back to z ∼ 2 (e.g., Stanford et al. 2012; Gobat et al. 2013; Andreon et al. 2014; Newman et al. 2014; Daddi et al. 2017 ) at a time when the age of the Universe was about 25% of its current age. As such, these galaxies are valuable time posts for studying galaxy evolution over a large fraction of the history of the Universe. The techniques used in investigations of galaxy evolution include photometric studies of luminosity functions and color-magnitude diagrams (e.g., Ellis & Jones 2004; Faber et al. 2007; Foltz et al. 2015) , and investigations of morphological mixtures and galaxy sizes (e.g., Dressler et al. 1997; Delaye et al. 2014; Huertas-Company et al. 2013 . Detailed studies of the stellar populations using scaling relations for the spectroscopy, the Fundamental Plane (Dressler et al. 1987; Djorgovski & Davis 1987) and in some cases determinations of ages, metallicities, and abundance ratios cover many clusters at z = 0.2 − 1.0, (e.g., Kelson et al. 2006; Moran et al. 2005 Moran et al. , 2007 van Dokkum & van der Marel 2007; Sánchez-Blázquez et al. 2009; Saglia et al. 2010 Leethochawalit et al. 2018) . At z > 1 the Lynx W cluster (z = 1.3) has been studied by our group (Jørgensen et al. 2014 ) using data for 13 bulge-dominated galaxies, while three z = 1.4 − 1.6 clusters were studied by Beifiori et al. (2017) using data for a total of 19 galaxies on the red sequence. All these investigations rely on reference samples, defining the end-product of the galaxy evolution. To the extent that the cluster environment affects the evolution of the galaxies, the reference samples should match the cluster environment into which the higher redshift clusters will evolve. There has been a lack of such data sets, exemplified by the fact that many researchers use the data for Coma cluster (Jørgensen et al. 1995ab, 1996 Jørgensen 1999 ) as their main, or only, low redshift reference (e.g., van Dokkum & Franx 1996; Ziegler et al. 2001; Wuyts et al. 2004; van Dokkum & van der Marel 2007; Jørgensen et al 2005 Jørgensen et al , 2006 Jørgensen et al , 2007 Jørgensen et al , 2017 Cappallari et al. 2009; Saglia et al. 2010; Saracco et al. 2014; Beifiori et al. 2017) . Limiting the low redshift reference to one cluster does not take into account the possible cluster-to-cluster differences in the galaxy populations and their star formation histories. In addition, the Coma cluster is in fact not massive enough to be the end-product of some of the massive z = 0.2−1.0 clusters. In our project, the Gemini/HST Galaxy Cluster Project (GCP), we study clusters whose masses are expected by z ∼ 0 to reach close to M 500 = 10 15 M ⊙ , which is more than double that of the Coma cluster, cf. Jørgensen et al. (2017 Jørgensen et al. ( , 2018 . Other researchers have studied similarly massive clusters, e.g. Kelson et al. (2006) , Moran et al. (2007) , Beifiori et al. (2017) . The ongoing project Figure 1 . The cluster masses, M500, based on X-ray data versus the redshifts of the clusters, adopted from Jørgensen et al. (2018) . Blue -local reference sample, and the topic of the present paper. Green -z = 0.2 − 1 GCP cluster sample. The pairs of slightly smaller points at the same redshifts as RXJ0056. 6+2622 and RXJ0152.7-1357 show the values for the sub-clusters of these binary clusters. Small cyan points -all clusters from Piffaretti et al. (2011) shown for reference. Blue and black lines -mass development of clusters based on numerical simulations by van den Bosch (2002) . The black lines terminate at Mass=10
15 M⊙ at z = 0 roughly matching the highest mass clusters at z = 0.1 − 0.2. The blue lines terminate at Mass=10 14.8 M⊙ at z = 0 matching the mass of the Perseus cluster. The dashed lines represent the typical uncertainty in the mass development represented by the numerical simulations.
Gemini Observations of Galaxies in Rich Early Environments (Balogh et al. 2017) includes three clusters at z = 1.0 − 1.5 and with masses above 5 × 10 14 M ⊙ , and will also benefit from access to better reference data at low redshift.
In order to address this lack of in depth studies of very massive clusters at z < 0.1, we selected for study the two most massive clusters within this redshift, Abell 2029 at z = 0.077 and Abell 2142 at z = 0.089. Together with Coma and Perseus, these clusters will be used as our low redshift reference sample for future investigations of the GCP clusters. In the present paper we present and analyze the spectroscopic data for the four clusters based on measurements of velocity dispersions and absorption line indices. Our analysis includes determination of ages, metallicities, and abundance ratios. Full spectrum fitting may be pursued in future analysis, but is beyond the scope of the current paper. A companion paper (Jørgensen et al., in prep.) will present photometry for the galaxies, enabling studies of galaxy sizes and the Fundamental Plane. Note-Column 1: Galaxy cluster. Column 2: Cluster redshift. Column 3: Cluster velocity dispersion, determined from the available redshifts for the parent samples, see Section 3. Column 4: Redshift limits used for definition of cluster membership. Column 5: X-ray luminosity in the 0.1-2.4 keV band within the radius R500. X-ray data are from Piffaretti et al. (2011) . Column 6: Cluster mass within the radius R500. Column 7: Radius within which the mean over-density of the cluster is 500 times the critical density at the cluster redshift. Column 8: Sample area, covering approximately 2R500 × 2R500. Column 9: Magnitude limit of sample in rest frame g ′ band, corresponding to M B,abs = −18.5 mag (Vega magnitudes). Column 10: Average Galactic extinction in the g ′ band. Column 11: Average k-correction for member galaxies on the red sequence, ie. for galaxies with (g ′ − r ′ ) = 0.8.
In Section 2, we provide the context for selecting the four clusters as our low redshift reference, and we summarize the properties of the clusters. The parent galaxy samples are described in Section 3. Section 4 gives an overview of the various data sources used to compile the most complete samples with measurements of velocity dispersions and absorption line indices. The section also details the calibration of parameters. Appendix A contains additional detail.
Section 5 presents the color-magnitude diagrams and defines the sub-samples of passive bulge-dominated galaxies used in the remainder of the paper. Then we establish the scaling relations between the line indices and the velocity dispersions, Section 6. We determine ages, metallicities, and abundance ratios from line indices. These measurements are used to study their correlations with the velocity dispersions, and to set limits on the cluster-to-cluster variations of the stellar populations, Section 7.
In Section 8 we compare our results with other results for low redshift cluster galaxies and discuss these in the context of using the samples as reference samples for studies of higher redshift bulge-dominated galaxies, and in the context of galaxy evolution in general. The conclusions are summarized in Section 9.
Throughout this paper we adopt a ΛCDM cosmology with H 0 = 70 km s −1 Mpc −1 , Ω M = 0.3, and Ω Λ = 0.7. Magnitudes are given in the AB system, except where noted.
CLUSTER SAMPLE AND CLUSTER PROPERTIES
Massive clusters at intermediate and high redshifts (z = 0.2 − 2.0) continue to grow in mass as they evolve (e.g., van den Borsch 2002; Fakhouri et al. 2010 ). Therefore, the descendants of such clusters at z ∼ 0 will be significantly more massive. If we want to ensure that we are comparing the galaxies in z = 0.2 − 2.0 massive clusters to galaxies in z ∼ 0 clusters that can be their descendants, then that low redshift reference sample needs to contain the most massive known low redshift clusters. We illustrate this in Figure 1 , which shows mass versus redshift for the GCP clusters at z = 0.2 − 1.0, and for reference all X-ray clusters from Piffaretti et al. (2011) . The solid and dashed lines on the figure represent example models for the mass evolution of clusters as a function of redshift, cf. van den Borsch (2002) . The most massive GCP clusters at all redshifts are expected by z ∼ 0 to evolve into clusters significantly more massive than the Coma cluster, and even the Perseus cluster. Massive clusters at z > 1, e.g., Khullar et al. (2018) and references therein, can also be expected to evolve into clusters more massive than the Perseus cluster. A2029 and A2142 are the most massive clusters at z < 0.1 and may be more suitable as the low redshift reference clusters for studies of these high mass z > 0.2 clusters. We therefore selected these two clusters to use as local reference clusters for the GCP, together with the more wellstudied Coma and Perseus clusters. All four clusters were included in the northern Abell catalog (Abell et al. 1989) . Table 1 summarizes the cluster masses, radii, and luminosities based on X-ray observations. The clusters have masses of M 500 = 4.3 − 8.1 × 10 14 M ⊙ . The Piffaretti et al. catalog contains a total of 20 clusters with M 500 ≥ M 500 (Coma) and z ≤ 0.1. Perseus and Coma are the two lowest redshift clusters of these, A2029 and A2142 are the two most massive.
The large masses of the four selected clusters are also reflected in their high cluster velocity dispersions. In Figure 2 , we show the distributions of the radial velocities of member galaxies included in the parent samples, see Section 3, and the distributions of the passive bulge-dominated members, see Section 5. KolmogorovSmirnov tests give probabilities of 45%-93% that for each cluster the distributions of the radial velocities of parent sample galaxies and the passive bulge-dominated Figure 2 . Distribution of the radial velocities (in the rest frames of the clusters) relative to the cluster redshifts for cluster members, v = c(z − z cluster )/(1 + z cluster ). Blue hatched -passive bulge-dominated members brighter than the adopted analysis limits. For reference the grey histograms show all members in the parent samples. The parent samples have been limited at magnitudes just below the adopted limits for the final samples, see Section 3.
galaxies are drawn from the same parent distribution. Thus, there are no significant differences in these distributions. Using the biweight method from Beers et al. (1990) , we determine the cluster velocity dispersions, σ cl , from the member galaxies in the parent samples. The results are listed in Table 1 . We find somewhat larger cluster velocity dispersions than found by other studies. In the classical study by Zabludoff et al. (1990) , velocity dispersions of 1277 km s −1 and 1010 km s −1 are found for Perseus and Coma, respectively, based on samples of 114 and 234 galaxies, respectively. Sohn et al. (2017) finds σ cl = 947 ± 31 km s −1 for Coma and 973 ± 31 km s −1 for A2029, both based on samples of ≈ 1000 galaxies. Owers et al. (2011) find a similar velocity dispersion, 995 ± 21 km s −1 , for A2142, based on almost 1000 member galaxies. It is possible, that our larger values are due to a selection effect of our smaller samples in Coma, A2029 and A2142. However, the differences are not significant for our analysis and results.
Below we briefly summarize the global properties of each of the clusters. These summaries are by no means intended to be complete reviews of the substantial literature on each of these clusters, but serve to put in context the role of the clusters as references for studies of higher redshift massive clusters.
Perseus: The cluster is included in the catalog by Zwicky (1942) and in the original Abell (1958) catalog. The brightest cluster galaxy, NGC 1275, hosts a powerful active galactic nuclei (Conselice at al. 2001 and references therein). The cluster's X-ray emission shows that the cluster is a cooling flow cluster (Fabian 1994) , though more recent X-ray data indicate that the initial cooling rates were overestimated, see Rafferty et al. (2008) and references therein. The cluster is generally considered relaxed and has no significant optical substructure (cf., Girardi et al. 1997 ). However, earlier X-ray observations indicated that substructure may be present (Mohr et al. 1993) . Most recently Chandra data were used to investigate the "sloshing" of the intracluster gas (Walker et al. 2017) . The properties and star formation history of NGC 1275 have been studied extensively, see e.g. Canning et al. (2014) for a recent investigation of the young star clusters in the galaxy. Penny et al. (2009) investigated the dwarf galaxy population of the cluster based on HST imaging, and argued that a large dark matter content of these was needed to avoid disruption by the cluster potential. No recent detailed studies based on spectroscopy and line indices exist of the stellar populations of the member galaxies. Fraix-Burnet et al. (2010) included the Perseus cluster in their study of the Fundamental Plane for the earlytype galaxies, though their analysis contains no specific comments on differences among the clusters in the study.
Coma: The cluster was first mentioned in the Curtis (1918) cluster catalog. It was included in the catalog by Zwicky (1942) and in the original Abell (1958) catalog, and has been studied intensively since. X-ray observations from ROSAT (White et al. 1993) show that the Coma cluster has significant sub-structure, most notably is the large sub-structure associated with NGC 4939 to the south-west of the cluster center. Recent weak lensing studies and new X-ray observations confirm the presence of several sub-haloes within the cluster (Okabe et al. 2014; Sasaki, et al. 2016) . Pimbblet et al. (2014) compared the Coma cluster to other massive low redshift clusters and concluded that kinematically the cluster is comparable to others, and that sub-clustering in low redshift clusters is not unusual. However, the authors concluded that Coma cluster galaxies have higher star formation rates for a given stellar mass, than found for other clusters, but see also Tyler et al. (2013) . In our discussion, we will return to the question of cluster-tocluster differences of the stellar populations in the member galaxies. Of the many studies of the stellar populations in the Coma cluster galaxies, most relevant for our analysis are the results by Harrison et al. (2011) who established scaling relations between line strengths and velocity dispersions, and investigated the ages, [M/H] and [α/Fe] as a function of velocity dispersions and environment. These authors found no significant dependency of the environment, reaching much larger cluster center distances than covered in our analysis. We compare their other results with ours in the discussion (Section 8).
Abell 2029: The cluster has been known since the original Abell (1958) catalog. It is a cooling flow clus-ter, with cooling time comparable to that of the Perseus cluster (Allen 2000; Rafferty et al. 2008) . Parekh et al. (2015) used Chandra data to study the X-ray morphology of several low redshift clusters. They classify A2029 as "strong relaxed", in agreement with the classification from Vikhlinin et al. (2009) . Sohn et al. (2017) investigated the luminosity function, the stellar mass function, and the velocity dispersion function for both A2029 and the Coma cluster. They find no significant differences between these two clusters. Tyler et al. (2013) focused on the star forming galaxies and determined that A2029 contains star forming galaxies resembling those in the field, while the Coma cluster contains a populations of the star forming galaxies with significantly lower star formation rates for their stellar mass.
Abell 2142: The cluster has been known since the original Abell (1958) catalog. This is another cooling flow cluster (Allen 2000) . Parekh et al. (2015) classify this cluster as "non-relaxed" based on their study of the X-ray morphology, while Vikhlinin et al. (2009) regard the cluster as relaxed. Owers et al. (2011) identify sub-structures in the cluster based on extensive redshift data and argue that these are the remnants of minor merging of groups into the cluster. Two of the identified sub-structures lie within the area we study in the present paper. The earlier study of the Chandra data by Markevitch et al. (2000) also supports the presence of sub-structure in the central part of the cluster. The spatial distribution of the galaxy types may be related to the infalling groups. In particular, Einasto et al. (2018) find that the central part within 0.7 Mpc of the cluster center is dominated by the passive older galaxies, while the star forming and recently quenched galaxies dominate at cluster center distances larger than 2.6 Mpc.
3. PARENT SAMPLES For each cluster we construct a parent sample of confirmed members within a square area centered on the cluster and with a side length of approximately 2 R 500 . R 500 is the radius within which the mean over-density of the cluster is 500 times the critical density at the cluster redshift. In our analysis, we use samples that are magnitude limited in the g ′ band to a magnitude equivalent to an absolute B band magnitude of M B,abs = −18.5 mag (Vega magnitudes). This limit corresponds to a dynamical mass of M dyn ≈ 10 10.3 M ⊙ and a velocity dispersion of approximately 100 km s −1 for galaxies on the Fundamental Plane. With current 8-meter class telescopes and instrumentation, M B,abs = −18.5 mag is a practical limit for obtaining spectra of such galaxies to z ≈ 1 and with sufficient S/N to study the stellar populations, e.g. Jørgensen et al. (2017) . Thus, our local sample is a suitable reference for such studies.
The parent samples are described in the following, while Section 4 details the spectroscopy. Table 1 summarizes the sample limits, areas and sizes. Our sample selection is based on the Sloan Digital Sky Survey (SDSS) photometry, which we correct for Galactic extinction using the values for the individual galaxies provided in SDSS. These originate from the calibration by Schlafly et al. (2011) . We calibrate the photometry for the cluster members to rest frame magnitudes using the k-corrections with color terms as described in Chilingarian et al. (2010) . Table 1 includes the mean Galactic extinction for the cluster members and the average k-correction for the g ′ band for galaxies on the red sequence. As part of the SDSS data processing, the galaxy profiles were fit with a linear combination of the best fit radial r 1/4 -profile and exponential profile. The magnitude from this fit is cmodelmag, which we use as the measure of the total magnitudes of the galaxies. As recommended on the SDSS web site, we use colors based on modelmag (the total magnitude from the best fit r 1/4 -profile or exponential profile) as these are consistent across the SDSS passbands.
Perseus / Abell 426: The sample is based on the catalog by Paturel et al. (2003) , in the following referred to using the catalog prefix for the galaxies as the Primary Galaxy Catalog (PGC). We crossmatch galaxies from the catalog with SDSS Data Release 14 (DR14) photometry. The area R.A. J2000 = 49.
• 8381 − 50.
• 025, Dec J2000 = 41.
• 597 − 41.
• 48 is not covered by DR14. Thus, we used Data Release 7 (DR7) photometry for sample selection in this area. For the analysis, the parent sample was then limited to a rest frame magnitude of g ′ rest = 15.5 mag or brighter. The SDSS DR14 contains objects in the Perseus field typed as "galaxies" but not included in the PGC. Visual inspection of the SDSS images shows that these are saturated stars. Our inspection confirms that the PGC provides a complete catalog to the magnitude limit relevant for our study. The selected sample covers an area of 120 arcmin × 124 arcmin. Redshift data from SDSS, the NASA/IPAC Extragalactic Database (NED) and our own observations were used to identify cluster members. Only 8 galaxies with g ′ rest ≤ 15.5 mag do not have spectroscopic redshifts. The parent sample contains 166 spectroscopically confirmed members, 153 of which are brighter than the adopted magnitude limit for the analysis.
Coma / Abell 1656: The sample is based on the catalog from Godwin et al. (1983, GMP) . We crossmatch galaxies from this catalog with SDSS DR14 photometry and use for the analysis the sample of confirmed members with g ′ rest ≤ 16.1 mag. The sample covers the same area as used in our previous publications on the cluster 64 arcmin × 70 arcmin (Jørgensen & Franx 1994; Jørgensen 1999) . Redshift data from SDSS, NED and our own observations were used to identify cluster members. The parent sample contains 185 spectroscopically confirmed members, 152 of which are brighter than the adopted magnitude limit. Only one galaxy brighter than the sample limit does not have a spectroscopic redshift.
Abell 2029: The sample is based on the SDSS DR14 supplemented with DR7 for a small area at the very e For MOS observations, the exact wavelength range varies from slitlet to slitlet.
center of the cluster, where the photometry from DR14 appears to be systematically incorrect for many of the galaxies and other galaxies are missing. While we do not know the origin of this issue, it is possible it is due to the presence of the very large central cD galaxy. The area covers R.A. J2000 = 227.
• 715 − 227.
• 751 and Dec J2000 = 5.
• 73417 − 5.
• 78394. DR7 data were also used in the area R.A. J2000 = 227.
• 625 − 227.
• 765, Dec= J2000 = 5.
• 841 − 5.
• 95, which is not included in DR14. This was also noted by Sohn et al. (2017) in their use of DR12 for the cluster. The SDSS type designation as "galaxy" was adopted for the initial selection. With the sample limited to g ′ ≤ 20 mag (including all objects with possible useful spectroscopy), all objects were visually inspected on the SDSS images. A few artifacts and one saturated star were removed from the sample. The selected sample covers an area of 30 arcmin × 30 arcmin. The sample for the analysis was then limited to g ′ rest ≤ 18.7 mag. Redshifts from SDSS, Sohn et al. (2017) and our own observations were used to assign membership. 22 galaxies with g ′ rest ≤ 18.7 mag have no available redshift. Of these, 7 have photometric redshifts from SDSS of 0.06-0.1 and may be cluster members. The parent sample contains 282 spectroscopically confirmed members, 189 of which are brighter than the adopted magnitude limit.
Abell 2142: The sample is based on the SDSS DR14. The SDSS type designation as "galaxy" was adopted for the initial selection. With the sample limited to g ′ ≤ 20 mag, all objects were visually inspected on the SDSS images to ensure they were galaxies. The selected sample covers an area of 30 arcmin × 30 arcmin. The sample for the analysis was then limited to g ′ rest ≤ 19.1 mag. Redshifts from SDSS, NED and our own observations were used to assign membership. Nine galaxies with g ′ rest ≤ 19.1 mag have no available redshift. None of them are expected to be cluster members based on their SDSS photometric redshifts. The parent sample contains 313 spectroscopically confirmed members, 251 of which are brighter than the adopted magnitude limit. The spectroscopic data were assembled from four main sources.
1. We previously published spectroscopic data for 116 Coma cluster members (Jørgensen 1999) . These data were assembled from our own observations with the Large Cassagrain Spectrograph (LCS) and the Fiber Multiple-Object Spectrograph (FMOS) on the McDonald Observatory 2.7-m telescope. The derived spectroscopic parameters were supplemented with literature data available at the time and calibrated to consistency. The reader is referred to Jørgensen (1999) for full details on the observations, the processing and the calibration to consistency.
2. Observations of 61 Perseus cluster members were obtained with the LCS on the McDonald Observatory 2.7-m telescope. These data were previously used as part of the reference sample in our GCP analysis papers , Barr et al. 2005 , Jørgensen & Chiboucas 2013 Jørgensen et al. 2014 Jørgensen et al. , 2017 . However, the data have not previously been published.
3. Observations of A2029 and A2142 cluster members were obtained with the Gemini Multi-object Spectrograph (GMOS-N, Hook et al. 2004 ) on Gemini North. The observations cover 69 and 63 galaxies in A2029 and A2142, respectively.
4. We use SDSS spectra for all four clusters and derive the relevant spectroscopic parameters from Note-Column 1: Cluster name. Column 2: Telescope and spectrograph used for the observations. The Gemini North data were obtained under Gemini program IDs GN-2014A-Q-27 (MOS data) and GN-2014A-Q-104 (Longslit data). The SDSS data were obtained from the SDSS data archive. Column 3: Grating. Column 4: Exposures times in seconds. Column 5: Image quality for observations at McDonald Observatory were measured as the full-width-half-maximum (FWHM) in arcsec of stars observed at the start of each night. Image quality for observations at Gemini Observatory were measured as the FWHM in arcsec of 2-3 stars in the acquisition images. Column 6: Median instrumental resolution derived as sigma in Gaussian fits to the sky lines of the stacked LCS and GMOS-N spectra. For the SDSS spectra we list the resolution of the convolved spectra, see text. The second entry is the equivalent resolution in km s −1 at 5175Å in the rest frame of the cluster. Column 7: Aperture size in arcsec. For the LCS and GMOS-N spectra, the first entry is the rectangular extraction aperture (slit width × extraction length). The second entry is the radius in an equivalent circular aperture, rap = 1.025(length × width/π) 1/2 , cf. Jørgensen et al. (1995b) . For the SDSS spectra we list the radius of the SDSS spectrograph fibers (1.
′′ 5) and the BOSS spectrograph fibers (1 ′′ ). For the Fiber Multi-Object Spectrograph (FMOS) spectra we list the radius of the spectrograph fibers. Column 8: Number of member galaxies with data from this mode, including galaxies fainter than the adopted magnitude limits for the analysis. Column 9: Median S/N perÅngstrom for the cluster members, in the rest frame of the clusters. For the GMOS-N and SDSS data derived in the wavelength interval 4100-5250Å. For the LCS data 4100-4750Å and 4900-5400Å were used for grating #43 and #47, respectively.
a Information from Jørgensen (1999) .
these spectra. The data cover 336 member galaxies with no data from the other data sources, 222 of these are passive bulge-dominated galaxies brighter than our analysis limit of M B,abs = −18.5 mag (Vega magnitudes). The SDSS spectra also provide all line indices blue-wards of Hβ for the Coma cluster galaxies.
We refer to the previous data for the Coma and Perseus cluster galaxies, items (1) and (2), as the Legacy Data. In the following sections we describe the processing of the data and the derivation of the spectral parameters. Appendix A contains additional information.
Perseus Observations
Observations of galaxies in Perseus were carried out with the LCS on the McDonald Observatory 2.7-m telescope in periods 1994 October 27 -November 2, and 1995 October 25-30. Spectra were obtained in two configurations, see Table 2 , such that the full wavelength coverage is 3500-5600Å. The spectra obtained with grating #47 had sufficient spectral resolution for determination of velocity dispersions, as well as line indices. The spectra obtained with grating #43 had lower spectral resolution and were used for determination of line indices in the blue. The slit was aligned with the major axis of the galaxies.
The LCS spectroscopic observations were processed using the methods described in Jørgensen (1999) . The processing involved the standard steps of bias and dark subtraction, correction for scattered light, flat fielding, correction for the slit function, wavelength calibration using argon lamp spectra, and sky subtraction. The spectra were cleaned for signal from cosmic-ray-events using the technique originally described in Jørgensen et al. (1995b) . Observations of the spectrophotometric standard stars BD+284211, Feige 110, and Hiltner 600 were used to calibrate the spectra to a relative flux scale. One-dimensional spectra were extracted with a resulting aperture size of 2 ′′ × 6. ′′ 35, see Table 3 .
Abell 2029 and Abell 2142 Observations
Galaxies in Abell 2029 and Abell 2142 were observed with GMOS-N during semester 2014A, using either the longslit (LS) or the multi-object spectroscopy (MOS) mode. The main purpose of the observations were to obtain deeper spectroscopy for faint cluster members without SDSS spectra, and to provide sufficient overlap with brighter galaxies with SDSS spectra to facilitate consistent calibration of parameters derived from the two data sources. Table 2 summarizes the instrumention, while Table  3 summarizes the observations. All observations were obtained with the detector binned by two in both spatial and spectral direction. Four MOS fields were observed in each cluster, covering 11-18 galaxies each. Each longslit pointing covered two or three sample galaxies.
The data were processed in a standard fashion using tasks from the Gemini GMOS package. The processing includes bias subtraction, flat fielding, sky subtraction and wavelength calibration using CuAr lamp spectra. Observations of the spectrophotometric standard star Wolf 1346 and HZ44 were used to calibrate the spectra to a relative flux scale. One-dimensional spectra were extracted with a resulting aperture size of 1.
′′ 0 × 2. ′′ 4 and 0.
′′ 75 × 2. ′′ 4 for the MOS and longslit observations, respectively, see Table 3 .
SDSS spectra
We primarily use SDSS spectra from DR14. As described in Section 3, some areas of the Perseus cluster and Abell 2029 are missing in DR14. For these we used spectra from DR10. The majority of the spectra were obtained with the original SDSS spectrograph, while a few were obtained with the Baryon Oscillation Spectroscopic Survey (BOSS) spectrograph. Table 3 summarizes the available data relevant for our samples. The wavelength scale of the spectra were first transformed from vacuum wavelengths, λ vac , to air wavelengths, λ air using the transformation provided on the SDSS DR13 web pages (cf. Morton 1991):
The spectra were then resampled onto a linear wavelength scale and convolved with a variable kernel Gaussian to achieve spectra with a constant resolution. For use in determination of the velocity dispersions we use minimal convolution to achieve a resolution of 1.0786Å in the rest frame of the clusters. This matches the resolution of the single stellar population models from Maraston & Strömbäck (2011) , which we use in the determination of the velocity dispersions (see Section 4.5).
Spectroscopic parameters
The spectroscopic parameters were determined using the same methods as described in Jørgensen et al. (2005 Jørgensen et al. ( , 2017 and Jørgensen & Chiboucas (2013) . In particular, the redshifts and velocity dispersions were determined from the LCS, GMOS-N, and SDSS data by fitting the galaxy spectra with template spectra, using software made available by Karl Gebhardt (Gebhardt et al. 2000 (Gebhardt et al. , 2003 .
The kinematics fitting of LCS grating #47 spectra obtained for the Perseus galaxies used only one template star, an observation of the K0III star HD52071, which was obtained with the same instrumental configuration as the galaxies. The velocity dispersions determined from these fits were used in the GCP papers Barr et al. 2005; Jørgensen & Chiboucas 2013; Jørgensen et al. 2014; Jørgensen et al. 2017) . The spectra were fit in the wavelength range 4900-5400Å in the rest frame. All galaxies observed with the LCS are passive galaxies dominated by metal lines in this wavelength interval. The fits have χ 2 ≈ 1, see Table 13 in Appendix A.3, showing that any template mismatch from using only one template spectrum for these fits is minimal.
For the GMOS-N data and SDSS data, the fits were limited to a wavelength range of 3750-5500Å as for our z = 0.2−0.5 GCP spectra (cf. Jørgensen et al. 2017) . We use three single stellar population (SSP) models from Maraston & Strömbäck (2011) as template spectra. The models have (age, Z) = (1 Gyr, 0.01), (5 Gyr, 0.02), and (15 Gyr, 0.04) and a Salpeter (1955) initial mass function (IMF). The choice of IMF is not critical for the fits as the lines in the fitted wavelength range are not sensitive to the IMF. These three models adequately span the spectral types of the galaxies, and lead to velocity dispersions unaffected by template mismatch. This is similar to the situation for our z = 0.2 − 0.9 GCP data, for which we used three template stars spanning similar spectral properties, see Jørgensen & Chiboucas (2013) for discussion. The Maraston & Strömbäck SSP models are based on the MILES library (Medium-resolution Isaac Newton Telescope Library of Empirical Spectra, Vazdekis et al. 2010 ) and we adopt a spectral resolution of σ = 1.0786Å as found by Maraston & Strömbäck. Absorption line indices were determined using the Lick/IDS passband definitions ). In addition, we derive the indices CN3883 and CaHK (Davidge & Clark 1994) , D4000 (Bruzual 1983) , the higher order Balmer line indices Hδ A and Hγ A (Worthey & Ottaviani 1997) , the Hβ G index defined by Jørgensen (1997) , and the high order Balmer line index Hζ A (Nantais et al. 2013) . In all cases, we first convolve the spectra to the Lick/IDS resolution in the rest frame of the galaxies, cf. Worthey & Ottaviani (1997) .
At the redshift of A2029, the 5577Å sky line falls within the passband for the Mgb index. The SDSS spectra have very strong residuals from inadequate subtraction of this skyline. In order to obtain reliable Mgb indices for as many of the A2029 galaxies as possible we first interpolate across the residuals from the 5577 A sky line. We evaluate the effect of this on the resulting measurements by interpolating the SDSS spectra of Coma cluster galaxies in the same way, affecting the same wavelengths in the rest frame as affected in the A2029 spectra. We then compare Mgb measured from the interpolated galaxy spectra with the values from the original Coma spectra. As expected, the Mgb measurements are strongly affected if the interpolation is done across the center of the strongest of the magnesium triplet lines, weakening the measurement by more than 0.2 dex. However, only eight out of the 118 A2029 members with SDSS spectra are affected to this extent. For these we choose not to measure Mgb. For the remainder of the galaxies, our test shows that the interpolation contributes about 0.03 to the uncertainty on log Mgb, which is only half of the typical internal uncertainties.
The line indices were corrected to zero velocity dispersion, see Jørgensen et al. (2005) for details and typical sizes of these corrections. The velocity dispersions and the absorption line indices indices were then aperture corrected to a standard aperture diameter of 3.4 arcsec at the distance of the Coma cluster. Correction coefficients are listed in Jørgensen et al. (2005) , except for Hζ A for which we adopt a zero correction (cf. Jørgensen et al. 2014) . The aperture sizes for the various data used are listed in Table 3 . Velocity dispersions were also corrected for systematic effects based on simulations, see Appendix A.1.
Duplicate GMOS-N observations of A2029 and A2142 galaxies and duplicate SDSS observations of galaxies in the Perseus and Coma clusters were used to assess the uncertainties on the derived parameters. The details are provided in Appendix A.2. In general, the Monte Carlo simulations used in the kinematics fitting to obtain uncertainty estimates give reliable estimates. The uncertainties on the line indices are in general larger than estimated from the S/N of the spectra. Tables 11 and  12 in Appendix A.2 list the scaling factors for the uncertainties and adopted typical uncertainties on the final measurements. Measurements from repeat observations with GMOS-N or repeat SDSS spectra were averaged. Only the average values are used in the following.
The spectra were inspected for emission in
, and/or Hβ, and significant emission was noted. Measurements of emission line equivalent widths are available through the Portsmouth group's work (Thomas et al. 2013 ) and were not repeated here. We use our emission line flags to omit galaxies with strong emission lines from the analysis. Our flags correspond to equivalent widths of approximately 5Å and 2Å for [O II] and Hβ, respectively.
Tables 13-15 in Appendix A.3 list the results from the template fitting and the measured absorption line indices, for each of the data sets.
Calibration of the Spectroscopic Parameters
The main purpose of this section is to establish consistently calibrated velocity dispersions and absorption line indices, such that the samples can reliably be used as the low redshift reference samples for studies of higher redshift galaxies. As described in Section 1, our previous Coma cluster data (Jørgensen et al. 1995ab, 1996 Jørgensen 1999 ) have been used widely in the literature as the low redshift reference sample. We have used the Legacy Data for the Coma and Perseus clusters in our Note-Column 1: Spectroscopic parameter. Column 2: Number of galaxies included in the comparisons between the Legacy Data and our SDSS measurements. Column 3: Median of differences derived as "Legacy Data" -"SDSS measurements". Offsets in italics are applied to reach consistent calibration, see text. Column 4: Scatter of the comparison between the Legacy Data and the SDSS measurements . Columns 5-7: Same information for the comparisons between the GMOS-N data and the SDSS measurements. Differences are derived as "GMOS-N data" -"SDSS measurements". Comparisons for redshift and log σ include data for which the SDSS S/N ≥ 10Å −1 . Comparisons for line indices include data for which the SDSS S/N ≥ 20Å −1 .
previous analysis of z = 0.2 − 1.3 cluster galaxies as part of the GCP (Jørgensen et al. , 2014 (Jørgensen et al. , 2017 Jørgensen & Chiboucas 2013) . We know from our previous work with these data, that the two samples are consistent, as will also be confirmed in the following. For these reasons, we aim to calibrate all other data to consistency with the Legacy Data and proceed as follows:
1. We first establish offsets between our measurements from the SDSS spectra and the Legacy Data. individual measurements are consistent with the Legacy Data.
4. We then average available measurements for each galaxy, to obtain the best average parameters consistent with the Legacy Data. Figure 3 and Table 4 summarize the comparisons for items (1) and (2). For the redshift and velocity dispersion comparisons, only observations with S/N ≥ 10Å −1 were included, while for the line index comparisons we required S/N ≥ 20Å −1 . We estimate the uncertainties on the median offsets as σ ∆ ≈ rms N −0.5 , where rms is the scatter of the comparisons, and N is the number of measurements in the comparisons. We apply offset to those parameters where at least one of the comparisons have an offset with 3σ or larger significance. Those offsets are shown in italics in Table 4 . The apparently large and disparate offsets for Hδ A and Hγ A are not statistically significant, and only amounts to ≈ 5% of the range of these indices for low redshift passive galaxies. The comparisons also showed that offsets between the velocity dispersions determined from the SDSS spectra and the Legacy Data for Coma and Perseus are the same within the uncertainties for the two clusters, confirming the consistency of these two data sets of Legacy Data.
Final average measurements are listed in Table 16 in Appendix A.3. This table also lists the effective S/N per Angstrom in the rest frame of the galaxies. Where two Note-Column 1: Spectral parameter. Column 2: Total number of measurements in comparison. Column 3: Median difference, all differences are derived as "This paper"-"SDSS data", where SDSS data refer to redshifts from DR14, velocity dispersions from the Portsmouth group (Thomas et al. 2013) , and line indices from the MPA-JHU group. Differences significant at the 5σ level or higher are shown in italics. Column 4: Scatter of the comparison. Columns 5-7: Number of measurements, median difference, and scatter of comparison for Perseus galaxies. Columns 8-10: Number of measurements, median difference, and scatter of comparison for Coma galaxies. Columns 11-13: Number of measurements, median difference, and scatter of comparison for A2029 galaxies. Columns 14-16: Number of measurements, median difference, and scatter of comparison for A2142 galaxies.
measurements were averaged, we list S/N values added in quadrature. Complete S/N information for the Coma Legacy Data does not exist as part of the data were compiled from the literature without such information (Jørgensen 1999) . We adopted the median S/N = 28Å
−1
for our own data as the typical for all Coma Legacy Data.
In the analysis we use the Balmer line indices Hβ G and (Hδ A + Hγ A ) ′ ≡ −2.5 log (1. − (Hδ A + Hγ A )/(43.75 + 38.75)) (Kuntschner 2000) , the iron indices Fe4383 and Fe ≡ (Fe5270 + Fe5335)/2, and the indices Mgb, CN3883 and C4668. These indices can generally be reliably measured from spectra with S/N≥ 15Å −1 , and are therefore realistic to use for studies of z ≥ 0.2 galaxies. According to stellar population models (e.g., Thomas et al. 2011) , the indices are also sufficient to derive ages, [M/H] and abundance ratios, making studies of the variation and evolution of these parameters possible. Calibrated values for other Lick/IDS indices are included Table 16 , but not used in the present analysis.
Comparison with SDSS, Portsmouth and MPA-JHU measurements
We compare the final calibrated measurements with (1) redshifts from SDSS DR14, (2) the Portsmouth group's measurements of velocity dispersions (Thomas et al. 2013) and (3) the Max Planck Institute for Astrophysics and the Johns Hopkins University (MPA-JHU) group's measurements of line indices. The methods for the various measurements from the MPA-JHU group are described in Brinchmann et al. (2004) , Kauffmann et al. (2003) , and Tremonti et al. (2004) . All measurements are available through the SDSS DR14, though the Portsmouth group used DR12 and the MPA-JHU group's methods were last run on DR8 spectra. The Portsmouth velocity dispersions were not aperture corrected (D. Thomas, personal communication) . Thus, we first aperture correct these measurements to our standard size aperture. It is not clear if the MPA-JHU measurements were aperture corrected, or corrected to zero velocity dispersion. Since it is stated on the SDSS DR14 web pages that the measurements are on the Lick system, we assume they have been corrected to zero velocity dispersion. We apply our aperture correction to the MPA-JHU measurements before comparing them to our fully calibrated measurements. The comparisons are summarized in Figure 4 and Table 5 .
As expected, the redshift measurements are in agreement with SDSS DR14 values. The comparisons of the velocity dispersions show offsets of 0.005-0.022 in log σ for each of the clusters. These are all within our previous estimates of internal consistency of 0.026 . Assuming that the data from Thomas et al. are internally consistent, these comparisons confirm that the final measurements of log σ are consistent between the four clusters. We note that small offsets between measurements performed using different techniques are not unusual. Thomas et al. performed more extensive comparisons with previous velocity dispersion measurements based on SDSS spectra, and found offsets of 4-7 percent, with scatter of 16-19 percent.
The comparisons of the line indices show significant offsets at the 5σ or larger level only for D4000, CN 2 , log Fe4383, and log Hβ G (shown in italics in Table 5 ). In absolute terms, these offsets are quite small. They may Figure 4 . Comparison of our final average measurements for Perseus and Coma with (a) the Portsmouth group's velocity dispersion measurements based on the SDSS spectra, and (b)-(g) line indices from the MPA-JHU group based on SDSS spectra. Blue squares -Perseus; green triangles -Coma. Comparison of our final average measurements for A2029 and A2142 with (h) the Portsmouth group's velocity dispersion measurements based on the SDSS spectra, and (i)-(n) Line indices from the MPA-JHU group based on SDSS spectra. Yellow squares -A2029; red triangles -A2142. Grey symbols -measurements from spectra with S/N < 20Å −1 . Dashed lines mark the one-to-one relations. All panels have our measurements on the X-axis, and the Portsmouth or MPA-JHU data on the Y-axis. Only comparisons for the velocity dispersions and the line indices used in the analysis are included on the figure. originate from small differences in the flux calibration applied by SDSS in the earlier data releases compared to DR14. As can be seen from the error bars on the figures, the scatter in all the comparisons are within expectations based on the uncertainties, with exception of the comparison of Mgb for the A2029 galaxies. The larger scatter in this comparison most likely originates from our corrections for the 5577Å sky line residuals in those spectra, as we assume such a correction was not done by the MPA-JHU group.
THE GALAXY SAMPLES AND METHODS
Our aim is to characterize the stellar populations in the passive bulge-dominated cluster galaxies by (1) establishing the scaling relations between the velocity dispersions and the absorption line indices, and (2) establishing the relations between the velocity dispersions and the ages, metallicities, and abundance ratios of the galaxies. To achieve the latter, we use the individual measurements for Perseus and Coma galaxies from spectra with S/N ≥ 50Å −1 , as well as luminosity weighted averages of the absorption line indices and the velocity dispersions for all four clusters.
In this section, we establish the samples of passive bulge-dominated cluster galaxies and the completeness of these samples in each cluster, and describe the determination of the luminosity weighted parameters. We briefly recap the adopted methods and stellar population models, all consistent with our approach in our recent GCP publications for z = 0.2 − 0.9 clusters (Jørgensen & Chiboucas 2013; Jørgensen et al. 2017 ).
The Samples
We base our selection of the passive bulge-dominated galaxies on a combination of colors in (g ′ − r ′ ) and the modeling parameters fracdev from SDSS. This parameter is the fraction of the luminosity modeled by the r 1/4 -profile. In practice, the measurements of fracdev are quite noisy, especially for galaxies at the distances of A2029 and A2142, where comparison of fracdev in the g ′ , r ′ and i ′ bands indicate an uncertainty of about 0.07. The measurements for galaxies in Perseus and Coma have uncertainties of about 0.03. Using similar comparisons, we estimate that the uncertainties on fracdev in u ′ and z ′ bands are approximately a factor four and two larger, respectively. To identify bulge-dominated galaxies, we use the product of fracdev in the g ′ , r ′ and i
We establish the best fit to the red sequence in the g ′ rest versus (g ′ − r ′ ) color-magnitude diagrams. The relations for the four clusters are shown in Figure 5 and summarized in Table 6 . The total g ′ rest magnitude is cmodelmag in the g ′ band from SDSS, corrected for Galactic Extinction and k-corrected to the rest frame of the galaxies. The k-correction was done using the calibration from Chilingarian et al. (2010) available through their web interface. The colors are based on modelmag from SDSS, and have also been corrected to the rest frames. All four clusters have tight red sequences, though the scatter of the Perseus and A2029 galaxies is almost a factor two larger than found for Coma and A2142. In Figure 6 , we show the residuals ∆(g ′ − r ′ ) relative to the red sequence fits, offset to the zero points listed in Table 6 , versus f g × f r × f i . To identify the galaxies that can be considered passive and bulge-dominated we proceed as follows. We consider galaxies with f g × f r × f i < 0.125 disk dominated, corresponding to the exponential disk contributing at least 50% of the flux in all three filters. Galaxies with (g ′ − r ′ ) more than 3.5σ below the red sequence are also considered disk dominated, independent of the value of f g × f r × f i . The remainder are considered bulge-dominated. We then visually inspected images of all the galaxies using the SDSS interface to falsecolor images of the galaxies. This resulted in 38 galaxies (4% of the parent sample) being re-classed from bulgedominated to disk-dominated, or visa-versa, see Table  7 .
As is common for studies of intermediate and high redshift galaxies, our sample selection in Jørgensen et al. (2017) relied on the Sérsic (1968) index, adopting n ser ≥ 1.5 as bulge-dominated galaxies. Profile fitting of the galaxies in the present low redshift reference sample will be covered in our companion photometry paper (Jørgensen et al., in prep.) . However, for the ≈ 170 Coma and Perseus galaxies for which we have completed the fitting, the preliminary results show disagreements between the two methods for only four galaxies for which f g ×f r ×f i < 0.125 and n ser ≥ 1.5. All four of these were re-classed as bulge-dominated as a result of our visual inspection of the SDSS images. Additional discussion of the consistency of the sample selection methods will be included in the photometry paper.
Finally we divide the samples according to the target limiting magnitude, and divide the bulge-dominated sample into passive and emission line galaxies. Table 8 summarizes the number of galaxies in each sub-sample. Our main sample for the analysis consists of the passive bulge-dominated galaxies, the number of which is listed in column N passive in Table 8 . In Figure 7 , we show the distributions of g ′ rest for the four clusters. The blue hatched histograms on the figure compares the distribution of the bulge-dominated galaxies with spectroscopy to all bulge-dominated members of the clusters (blue open histogram). The completeness of the spectroscopy for the bulge-dominated galaxies is 92% and 99% for Perseus and Coma, respectively. A2029 and A2142 have lower completeness, reaching 77% and 71%, respectively.
Average Parameters
In our determination of ages, metallicities and abundance ratios, we use line indices averaged in bins of 0.05 in log σ. The averages are luminosity weighted and only measurements from spectra with S/N ≥ 20Å −1 are included. For a few bins in A2029 and A2142 neighboring bins were merged to ensure all bins contain at least 4 galaxies. The median number of galaxies in each bin is 11. The velocity dispersions for the galaxies in each bin were averaged the same way. Average parameters are listed in Appendix A.3 Table 18 .
The Methods and Stellar Population Models
Our technique for establishing the scaling relations and associated uncertainties on slopes and zero points is the same as we used in Jørgensen et al. (2005) and Jørgensen & Chiboucas (2013) . Briefly, we establish the scaling relations using a fitting technique that minimizes the sum of the absolute residuals, determines the zero points as the median, and uncertainties on the slopes using a boot-strap method. The technique is very robust to the effect of outliers. In the discussion of the zero point differences we use both the random uncertainties as established from the scatter relative to the relations, and the systematic uncertainties on the zero point differences. The latter is expected to be dominated by the possible inconsistency in the calibration of the velocity dispersions. Based on the comparison of the velocity dispersions with data from Thomas et al. (2013) , we adopt Note-Column 1: Cluster. Column 2: Best fit relation. Column 3: Number of galaxies included in the fit. Column 4: Scatter of the fit.
Table 7. Modifications to Classifications
Cluster From disk-to bulge-dominated From bulge-to disk-dominated
Perseus 12253, 12290, 12474, 12193, 12287, 12434 12081, 12497, 12537, 12627, 12392, 12780, 2197137, 2185837, 2174899, 12119 Coma 2940 12253, 12290, 12474, 12193, 12287, 12434 12081, 12497, 12537, 12627, 12392, 12780, 2197137, 2185837, 2174899, 12119 Coma , 4679, 3664, 4156 2355 12253, 12290, 12474, 12193, 12287, 12434 12081, 12497, 12537, 12627, 12392, 12780, 2197137, 2185837, 2174899, 12119 Coma , 2374 12253, 12290, 12474, 12193, 12287, 12434 12081, 12497, 12537, 12627, 12392, 12780, 2197137, 2185837, 2174899, 12119 Coma , 2431 12253, 12290, 12474, 12193, 12287, 12434 12081, 12497, 12537, 12627, 12392, 12780, 2197137, 2185837, 2174899, 12119 Coma , 2441 12253, 12290, 12474, 12193, 12287, 12434 12081, 12497, 12537, 12627, 12392, 12780, 2197137, 2185837, 2174899, 12119 Coma , 3238, 4522, 4597, 4933, 5038 A2029 2555 12253, 12290, 12474, 12193, 12287, 12434 12081, 12497, 12537, 12627, 12392, 12780, 2197137, 2185837, 2174899, 12119 Coma , 968, 189 4252 A2142 447, 1514 12253, 12290, 12474, 12193, 12287, 12434 12081, 12497, 12537, 12627, 12392, 12780, 2197137, 2185837, 2174899, 12119 Coma , 2661 12253, 12290, 12474, 12193, 12287, 12434 12081, 12497, 12537, 12627, 12392, 12780, 2197137, 2185837, 2174899, 12119 Coma , 326, 2788 · · · Note-Column 1: Cluster. Column 2: IDs for galaxies reclassified from disk-to bulge-dominated. Column 3: IDs for galaxies reclassified from bulge-to disk-dominated. Note-Column 1: Cluster. Column 2: Number of member galaxies in the parent sample. Column 3: Number of galaxies fainter than the sample limit of M B,abs = −18.5 mag (Vega magnitudes). Column 4: Number of disk or blue galaxies brighter than the sample limit. Column 5: Number of bulge-dominated galaxies brighter than the sample limit, not all of these have available spectroscopy. Column 6: Number of emission line bulgedominated galaxies brighter than the sample limit. Column 6: Number of passive bulge-dominated galaxies brighter than the sample limit. Column 7: Completeness of spectroscopic sample of bulge-dominated galaxies derived as C = (Nemis + Npassive)/N bulge .
an upper limit on the systematic differences of 0.022 in log σ. For determination of luminosity weighted mean ages, metallicities, and abundance ratios, we use the SSP models from Thomas et al. (2011) for a Salpeter (1955) IMF, and adopt the methods used in Jørgensen et al. (2017) . The models assume that the abundance ratios for carbon and nitrogen track those of the α-elements, specifically the magnesium abundance ratios.
SCALING RELATIONS FOR ABSORPTION LINES
In Figures 8 and 9 , we show the absorption line indices versus the velocity dispersions for the passive bulgedominated galaxies. We concentrate on those absorption line indices that we use in our analysis of the z = 0.2−0.9 GCP clusters (Jørgensen et al. 2017) , specifically the indices at blue wavelengths ((Hδ A +Hγ A ) ′ , C4668, Fe4383, CN3883) and the indices at visible wavelengths (Hβ G , Mgb, Fe ). In the following we refer to these indices as the "blue" and "visible" indices, respectively.
We first fit the relations to each cluster separately. Measurements originating from spectra with S/N< 20Å −1 are omitted. This affects only A2029 and A2142. Within the uncertainties, the slopes of these fits are the same for the four clusters. Thus, we determined the best fit relations using all four cluster samples together, requiring common slopes but allowing different zero points for the clusters. Table 9 lists the relations shown on the figures, including the zero points and the scatter for each of the cluster samples. The residuals were minimized perpendicular to the relations, except for (Hδ A + Hγ A ) ′ for which the residuals were minimized in the direction of the Y-axis.
The larger scatter seen for the galaxies in A2029 and A2142 compared to those in Perseus and Coma is com- Note-Column 1: Scaling relation. Column 2: Zero point for the Perseus sample. Column 3: Number of galaxies included from the Perseus sampkle. Column 4: Scatter, rms, in the Y-direction of the scaling relation for the Perseus sample. Columns 5-7: Zero point, number of galaxies, rms in the Y-direction for the Coma sample. Columns 8-10: Zero point, number of galaxies, rms in the Y-direction for the A2029 sample. Columns 11-13: Zero point, number of galaxies, rms in the Y-direction for the A2142 sample.
pletely explained by the larger measurement uncertainties. Subtracting off the measurement uncertainties in quadrature, we find that the internal scatter is ≈ 0.015 for the ((Hδ A + Hγ A ) ′ − log σ relation and 0.02-0.03 for all other relations.
The differences between the zero points are very small. In Figure 10 , we illustrate this by showing the line index values for the fits at log σ = 2.24 for each of the clusters, as a function of cluster redshift. The values at log σ = 2.24 are taken as representative for the clusters, following the convention from Jørgensen et al. (2017) . No significant redshift dependence is expected, the choice of X-axis on the plot is purely to separate the clusters to visualize the zero point differences. The random uncertainties are shown as error bars derived as rms N −0.5 gal , where N gal is the number galaxies included in each fit. The upper limit on systematic uncertainties due to the possible systematic differences of log σ of 0.022 are shown as green dotted lines offset from the median values marked by black lines. We adopt these as marking the possible scatter due to systematic errors. In almost all cases, the clusters are within 2σ of the lines marking scatter possible due to systematic errors, and no clusters deviate more than 3σ. The three cases of deviations of 2-3σ are marked with blue circles. These very small zero point differences set limits on the clusterto-cluster variation of the ages, metallicities, abundance ratios. However, since all the indices depend on all three physical quantities, we opt to proceed with determination of these parameters directly before discussing the possible cluster-to-cluster variation.
AGES, METALLICITIES AND ABUNDANCE RATIOS
To determine ages, metallicities [M/H], and abundance ratios, we use both the individual measurements for the Perseus and Coma cluster galaxies with S/N ≥
50Å
−1 , and for all four clusters the luminosity weighted average indices for sub-samples binned in log σ. ′ -log [C4668 Fe4383] space to identify the (age,[M/H]) value matching each galaxy's line indices. The abundance ratios are derived from the iron indices versus CN3883 and log Mgb. This is done by fitting second order polynomials to the [α/Fe] = 0.3 models in the parameter spaces of (log Fe4383, CN3883) and (log Fe , log Mgb). The abundance ratio is then determined from the distance between the polynomial fit and the measured parameters, measured along the lines of the [α/Fe] change as indicated by the purple arrows on the figures. In the following we refer to these two determinations as [CN/Fe] González 1993 for original definition of the [MgFe] index). This is because the un- (1980) . Blue circles -emission line galaxies. Solid red lines -best fits to the red sequences, Table 6 . Dashed black lines -mark the location of ±3.5 the scatter relative to the best fit red sequence. Vertical dashed blue linesadopted magnitude limit for the main samples, corresponding to M B,abs = −18.5 mag (Vega magnitudes). certainties on our Hβ G measurements are higher relative to the index's age dependency, compared to those of our (Hδ A + Hγ A ) ′ measurements. Further, to enable use of the results as reference for higher redshift studies, where measurements of the Mgb and Fe indices often are impossible, we use [C4668 Fe4383] rather than [MgFe] . The uncertainties on [M/H] are also ≈ 30% larger if we use the visible versus the blue indices.
In Figure 12 , we show ages, [M/H], [CN/Fe] and [Mg/Fe] versus the velocity dispersions. Best fit relations are determined as least squares fits to the parameters derived from the average line indices. There is no significant differences in the slopes for the four clusters. Thus, the slopes are determined by fitting all four clusters together, requiring a common slope, but allowing the zero points to vary. The residuals were minimized in the direction of the Y-axis. The best fits are shown on Figure 12 at the median zero point for the clusters Figure 6 . The color residuals ∆(g ′ − r ′ ), offset to the zero points listed in Table 6 , versus fg ×fr ×fi. Symbols and lines as in Figure 5 , except the vertical dashed blue lines mark the adopted limit of fg × fr × fi = 0.125 between the disk-and bulge-dominated galaxies, see text. Blue open -bulge-dominated galaxies on the red sequence brighter than the adopted sample limits. Blue hatched -bulge-dominated galaxies on the red sequence brighter than the adopted sample limits and with spectroscopy. For reference the grey histograms show all members in the parent samples. The parent samples have been limited at magnitudes just below the adopted limits for the final samples, see Section 3. (blue lines). We then determine median zero points for all four clusters relative to these fits. The results are summarized in Table 10 . The individual measurements (Figure 12a-d) follow the same relations as the measurements based on the average line indices, but with a higher scatter due to the measurement uncertainties. The correlation between the ages and the velocity dispersions is quite weak, a Spearman rank order correla- tion test gives a probability P = 0.9% that no correlation is present when using measurements from the average line indices. If using the individual measurements the probability of no correlation is P = 6%. For the individual measurements of ages, [M/H], [CN/Fe] and [Mg/Fe], we tested for possible dependencies on the cluster environment. We used the cluster center distances, R cl /R 500 , and the radial velocity of the galaxies relative to the clusters, v || /σ cl in this test, but found no significant correlations between the residuals for the relations on 12a-d and R cl /R 500 , or with the phase-space parameter |v || |/σ cl · R cl /R 500 , which is expected to be related to the accretion epoch of a galaxy onto a cluster, cf. Haines et al. (2012 Haines et al. ( , 2015 . Since Smith et al. (2012) found environmental effects in the Coma cluster for the low mass galaxies (equivalent to log σ 1.9), we repeated the tests including only galaxies with velocity dispersion below the median for our sample. None of the tests showed any significant dependency on the cluster center distance or the phase-space parameter. However, we note that our samples only reach cluster center distances of ≈ 1.2R 500 (1.3-1.6 Mpc in Perseus and Coma) and do not include a significant number of galaxies with log σ < 1.9. Thus, we do not expect to see the environmental dependency detected by Smith et al. for low mass galaxies.
To illustrate possible differences between the clusters, Figure 13 shows ages, [M/H], [CN/Fe] , and [Mg/Fe] at log σ = 2.24 as determined by the relations. We use the redshift of the clusters as the X-axis of the plot only to separate the measurements. No significant dependence on redshift is expected to be detectable. The measurements for the Perseus and Coma clusters are in general consistent within 2σ and also consistent with the median for the four clusters. A2029 and A2142 exhibit differences at the 2 − 2.5σ level. Based on maximum differences between the four clusters, we can quantify to what extent the data allow cluster-to-cluster variations in ages, [M/H] 
. Comparison of Scaling Relations with Previous Results
We want to ensure that our results are consistent with previous results for massive low redshift clusters. We used smaller samples of galaxies in Perseus and Coma as our reference samples in previous GCP papers, e.g., Jørgensen & Chiboucas (2013) and Jørgensen et al. (2017) . The scaling relations established in those papers agree with our results based on the larger samples in the present paper. Thus, using the larger low redshift reference sample established in the present paper will not significantly affect our results for the z = 0.2 − 0.9 GCP clusters. Nelan et al. and Smith et al. determine the relations in the form index = a 1 log σ + a 2 , rather than using the logarithm of the indices, we overlay their relations on our results, and compare the slope and zero points at log σ = 2.2. We omit the cluster center distance terms from the Smith et al. relations. Before comparison, we convert Hβ to Hβ G using the transformation from Jørgensen (1997 the Coma cluster within ±0.03 dex at log σ = 2.2. This agreement is similar to the agreement in our results for the four clusters studied in the present paper, cf. Table  9 . Harrison et al. (2011) used data for four nearby clusters, including the Coma cluster, to establish scaling relations between line indices and velocity dispersions. These authors used indices converted to magnitudes. Thus, we compare our results to their cluster sample results by comparing slopes and zero points at log σ = 2.2. In all cases, the zero points agree with our zero point for the Coma cluster within ±0.03 dex. The slope from Harrison et al. (2011) for the Mgb-velocity dispersion relation is marginally steeper at log σ = 2.2 than our result, but for higher velocity dispersion galaxies flattens to agreement with our determination.
Ages, Metallicities, and Abundance ratios
There are numerous studies in the literature aimed at establishing the relations between the velocity dispersions (or masses) and the stellar population ages, metallicities and abundance ratios, see Harrison et al. (2011) for an overview. Here we compare to a few selected studies, spanning different techniques and sample sizes. Thomas et al. (2005) used an earlier version (Thomas et al. 2003) of the same models used in the present paper. They base their study on available literature data for 124 galaxies and derive ages, [M/H], and [α/Fe] using the indices in the visible. The slopes of the relations established by Thomas et al. (2005;  dashed lines on Figure 12 panels e, f, and h) agree with our results. A later study by Thomas et al. (2010) uses the same techniques, but a much larger sample of SDSS spectra, and results in a slightly steeper age-velocity dispersion relation, than in the 2005 study. The Thomas et al. relations for age and [α/Fe] are offset from our results with approximately +0.1 dex and −0.1 dex, respectively, possibly due to small differences in the adopted models. Nelan et al. (2005) stacked the NOAO FP survey spectra in five bins by velocity dispersion in order to achieve high S/N spectra for their study of ages, [M/H], and [α/Fe]. They derive the parameters from the visible indices (Hβ, Mgb, Fe ), using the Thomas et al. (2003) models. We show their result on Figure 12 (panels e, f, and h) as purple lines. The slopes of their relations for [M/H] and [α/Fe] agree with ours, while they find an age-velocity dispersion relation slightly steeper than our result. The [α/Fe] is offset to slight lower values relative to ours, again presumably due to small differences in the assumed models. Smith et al. (2009b) studied the stellar populations of massive galaxies in the Shapley concentration. They used the indices (Hγ F , Mgb, Fe5015) combined with models from Thomas et al. (2003) to derive ages, metallicities and abundance ratios of the galaxies. We include their results on Figure 12 (panels e, f, and h) as light green lines. Their relations for [M/H] and [Mg/Fe] are slightly shallower than our results, while their result for the age-velocity dispersion relation agree with our results, within the uncertainties. Smith et al. (2009a) list shallower slopes for all the relations for the Shapley sample, and find slightly steeper [M/H] and [Mg/Fe] relations for low mass galaxies in the Coma cluster, though presumably these differences are due to the range of masses (velocity dispersions) sampled and not due to a cluster-to-cluster difference. Trager et al. (2008) studied a small sample of Coma cluster galaxies using high S/N spectra. Open circles -measured scatter for the relations fit to parameters based on the average line indices. Solid circles -internal scatter for the relations fit to parameters based on the average line indices. Open triangles -measured scatter of parameters based on the individual line index measurements for galaxies in Perseus and Coma. Solid trianglesinternal scatter of parameters based on the individual line index measurements for galaxies in Perseus and Coma. The internal scatter is derived from the measured scatter by subtracting off in quadrature the measurement uncertainties of the parameters. In the cases where the measurement uncertainties are larger than the measured scatter, the internal scatter is shown at zero. shown. The symbols are color coded matching bins in log age: Magenta -log age < 0.6; blue -log age = 0.6-0.7; cyan -log age = 0.7-0.8; green -log age = 0.8-0.9; yellow -log age = 0.9-1.0; orange -log age = 1.0-1.1; red -log age > 1.1. Black line -best fits without age terms, as listed in Table 10 . Cyan and orange lines -best fits with age terms, shown for log age = 0.75 (cyan) and log age = 1.05 (orange) matching the similarly colored points. Typical error bars on the panels show the measurement uncertainties as thick lines, and the scaled measurement uncertainties as thinner larger error bars. It is possible that the differences are due to differences in the models, though a direct comparison of index-index model grids is not possible.
Finally, we compare to our previous results for the z = 0.2 − 0.9 GCP clusters in Jørgensen et al. (2017) , shown in cyan on Figure 12e -g. The age-velocity dispersion relation presented in Jørgensen et al. (2017) was flat when all clusters were fit together. The data for the z ≈ 0.2 clusters (A1689 and RXJ0056.2+2622) give a slope of ≈ 0.2. In all cases, the correlation between age and velocity dispersion is very weak, as also found here for the four low redshift clusters. The [M/H]-velocity dispersion relation for the z = 0.2 − 0.9 GCP clusters is almost identical to our result for the low redshift clusters, while the [CN/Fe]-velocity dispersion relation is significantly steeper. This steeper relation also leads to the median [CN/Fe] value at log σ = 2.24 being 0.06 dex higher than we find for the low redshift clusters, with the difference increasing with velocity dispersion.
We augment the Jørgensen et al. (2017) results with the [Mg/Fe]-velocity dispersion relation for the z = 0.2 − 0.9 GCP clusters using the data from that paper. The result is shown in cyan on Figure 12h . The relation is in fact identical to that of the four low redshift clusters.
In summary, the slopes for the age-velocity dispersion relations established here are within the range found by other studies (Thomas et al. 2005 (Thomas et al. , 2010 Nelan et al. 2005; Harrison et al. 2011; Conroy et al. 2014) . However, as also noted by Harrison et al. (2011) there is substantial variation in the determinations of the slope of the age-velocity dispersion relation, and also, but to a lesser extent, in the determinations of the slope of the [M/H]-velocity dispersion relation. It is possible that the steep relations found for some low redshift samples is due to the inclusion of very young low-mass galaxies in some of the studies (e.g. McDermid et al. 2015) . However, it does not fully explain the steep relation found by Nelan et al. (2005) .
There is agreement in the literature and with our new results that the slope of the [α/Fe]-velocity dispersion relation is 0.3 − 0.35, when the determinations are based on the visible indices, ie. the [Mg/Fe]-velocity dispersion relation. We find a somewhat steeper relation from the blue indices, ie. the [CN/Fe]-velocity dispersion relation. The behavior is in general agreement with the results for carbon and nitrogen from Conroy et al. (2014) , though the difference in slopes found by these authors is smaller than seen from our data. The fact that the [Mg/Fe]-velocity dispersion relation does not appear to have any redshift dependence, while the [CN/Fe]-velocity dispersion relation is steeper at higher redshift, may be related to the timescale for the formation of the α-elements (magnesium in this case) versus carbon and nitrogen, and may reflect a real difference in the enrichment of magnesium versus carbon and nitrogen.
Our result for the combined [M/H]-age-velocity dispersion relation is similar to the results by Johansson et al. (2012) . A similar relationship was also noticed in the study of the Coma cluster galaxies by Jørgensen (1999) . In agreement with our result of only a very weak age dependence of [Mg/Fe] (if any), Johansson et al. note that [Mg/Fe] does not depend on age. These results support the idea that [Mg/Fe] appears to be set very early in the evolution of the galaxies, while later star formation primarily leads to lower mean ages and higher total metallicities of the galaxies' stellar populations.
Cluster-to-Cluster Variations
The agreement between the result for the four clusters covered in the present paper may be used to set limits on the allowed cluster-to-cluster differences in passive cluster galaxies. To recap, for the four clusters in our study median ages, [M/H], [CN/Fe] , and [Mg/Fe] may vary by ±0.08 dex, ±0.06 dex, ±0.07 dex, and ±0.03 dex, respectively. In our study of the z = 0.2 − 0.9 GCP clusters (Jørgensen et al. 2017 and references therein), we find that possible cluster-to-cluster differences in [M/H] are within ±0.10 dex. Thus, such galaxies can plausibly evolve passively to galaxies similar to those studied in our four low redshift reference clusters, though may deviate at the 2σ level from our low redshift reference clusters.
On the other hand, we found two cases of large [α/Fe] deviations from the median, RXJ0152.7-1357 with [α/Fe] 0.25 dex higher than the median, and RXJ1347.5-1154 with [α/Fe] 0.16 dex lower than the median. RXJ0152.7-1357 is a binary cluster at redshift z = 0.83, possibly in the process of merging (Maughan et al. 2003; Jones et al. 2004 ). RXJ1347.5-1154 at z = 0.45 has been the topic of debate regarding its mass, as its high X-ray luminosity seemed at odds with mass estimates based on the cluster velocity dispersion (Cohen & Kneib (2002) . However, improved measurements of the cluster velocity dispersion (Lu et al. 2010 ) and correction of the X-ray mass for diffuse substructure (Ettori et al. 2004) bring agreement between the X-ray properties and the cluster velocity dispersion (Jørgensen et al. 2017) . If the galaxies in these two clusters evolve passively, they will maintain their [α/Fe], and clusters' galaxy populations will at the present epoch not resemble those of our four reference clusters. These abundance ratio measurements were based on CN3883 versus Fe4383, and should therefore be compared to [CN/Fe] in the present paper. The deviations are significant at the 3.5σ and 2.3σ level. If in fact no z ∼ 0 clusters exist which deviate to that extent from the median [CN/Fe] , then this continues to be a challenge to a simple passive evolution model for the bulge-dominated passive galaxies in these clusters, see Jørgensen et al. (2017) . We stress that our reference sample contains four out of twenty known clusters at z < 0.1 and at least as massive as the Coma cluster. It cannot be ruled out that more variation in [CN/Fe] exists among these twenty clusters, than found from the four we have studied. However, in our study of nine z = 0.2 − 0.9 clusters we found two clusters with significantly deviating [CN/Fe] . If a similar frequency (20%-25%) of clusters with unusual [CN/Fe] is present (randomly) among the 20 massive z < 0.1 clusters, then we would have a 60%-70% chance of detecting at least one of them in our sample of four clusters.
SUMMARY AND CONCLUSIONS
We have presented consistently calibrated velocity dispersions and absorption line indices for large homogeneous samples of galaxies in the four low redshift massive clusters Perseus, Coma, Abell 2029 and Abell 2142. The samples are magnitude limited to an absolute B band magnitude of M B,abs = −18.5 mag (Vega magnitudes), and between 71% and 99% complete. The systematic errors in velocity dispersions are estimated from external comparisons to be ≤ 0.022 in log σ. The data presented here form the low redshift reference sample for the Gemini/HST Galaxy Cluster Project (GCP) aimed at studying the evolution of z = 0.2 − 2.0 cluster galaxies, and is suitable as a low reference sample for other studies of medium to high-redshift galaxies.
We used luminosity weighted average absorption line indices to derive ages, metallicities [M/H], and abundance ratios for the galaxies binned in velocity dispersion. We also derived these parameters from the individual line index measurements for Perseus and Coma galaxies, limiting this study to spectra with S/N≥ 50Å −1 .
We select the sub-sample of passive bulge-dominated galaxies based on a combination of colors and the SDSS provided information on the fraction of the luminosity modeled by an r 1/4 profile. Our main conclusion from the analysis of the properties of this sub-sample are as follows:
1. The galaxies in the four clusters follow the same scaling relations between absorption line indices and velocity dispersions. All zero point differences are within 3σ. Following the techniques used in Jørgensen & Chiboucas (2013) and Jørgensen et al. (2017) , we used simuations to quantify any systematic effects on the derived velocity dispersions. Model spectra were made using the average of the two oldest SSP models from Maraston & Strömbäck (2011) used for our template fitting. These are the models with (age, Z) = (5 Gyr, 0.02) and (age, Z) = (15 Gyr, 0.04). We then used information from the real noise spectra to add random noise to the model spectra. The simulations cover velocity dispersions between 50 and 350 km s (crosses on Figure 16 ), the simulations deviate significantly from the behavior at higher S/N. Thus, these simulations are omitted from the analysis and for the real data we require S/N ≥ 10Å −1 in order for the velocity dispersion and other parameters to be included in our final measurements. We then fit second order polynomials to the difference between input and output, as a function of the output velocity dispersions. The correction for the GMOS-N data was derived omitting the lowest velocity dispersion simulations as these deviate significantly from the remainder of the simulations. The resulting correction for the GMOS-N data is log σ corrected = log σ out − 0.060 + 0.296(log σ out − 2.1) − 0.367(log σ out − 2.1)
while the correction for the SDSS data is log σ corrected = log σ out − 0.041 + 0.274(log σ out − 2.1) − 0.422(log σ out − 2.1) 2 (A2) Figure 17 . Comparison of measurements from SDSS repeat observations of galaxies in the Perseus and Coma clusters. Only the velocity dispersions and the line indices used in the analysis are included on the figure. All comparisons are summarized in Table 11 .
A.2. Comparison of Measurements from Repeat Observations
SDSS and GMOS-N repeat observations are compared in Figures 17 and 18. Table 11 summarizes the comparison. The table lists the ratios between the median internal measurement uncertainties based on the S/N of the spectra and the scatter in the comparisons. The ratios are correlated, with the SDSS ratios in general being larger than the GMOS-N ratios, possibly due to inadequate accounting for all uncertainties in the error spectra of the SDSS spectra. We estimate uncertainties for samples of galaxies by deriving the median values of the internal measurement uncertainties and then for each line index scale with average of the two ratios from Table 11 . The results for the bulge-dominated passive galaxies in each cluster (our main samples for the analysis) are summarized in Table 12 . These uncertainties are shown as typical error bars for the line indices on the figures in the main text.
A.3. Spectroscopic Parameters Table 13 lists the spectral parameters from the LCS data of Perseus galaxies. Table 14 lists the spectral parameters from the GMOS-N data of A2029 and A2142 galaxies. Table 15 lists the spectral parameters derived from the SDSS spectra of all four clusters. Table 16 gives the final calibrated spectral parameters for all four clusters. Only a portion of each of these tables are shown here, the tables are available in their entirety as machine-readable tables. The velocity dispersions and line indices have been corrected to a standard size aperture equivalent to a circular aperture with diameter of 3.4 arcsec at the distance of the Coma cluster. The velocity dispersions from the GMOS-N data and SDSS data have been corrected for systematic effects as explained in Section A.1. The line indices have been corrected to zero velocity dispersion. The calibration of all data to consistency is detailed in Section 4.6. Table 17 explains the columns in these tables other than the line indices and matching uncertainties. Note-Column 1: Spectroscopic parameter. Column 2: Number of galaxies in comparisons of the SDSS data. Column 3: Scatter of the comparisons for the SDSS data. Column 4: The ration between the scatter of the comparison and the expected scatter based on the measurement uncertainties on the SDSS data. Column 5: Median measurement uncertainties of the measurements included in the comparisons of the SDSS data. Columns 6-9: Number of galaxies, scatter, ration and median measurement uncertainties for the GMOS-N data. Note-Column 1: Spectroscopic parameter. Column 2: Number of passive bulge-dominated galaxies with the parameter measured, in Perseus. Column 3: Median measurement uncertainty based on the S/N of the spectra, for galaxies in Perseus. Column 4: Adopted scaled measurement uncertainty, for galaxies in Perseus, see text.
Columns 5-7: Number of galaxies, median measurement uncertainty, adopted scaled uncertainty, for Coma galaxies. Columns 8-10: Number of galaxies, median measurement uncertainty, adopted scaled uncertainty, for A2029 galaxies. Columns 11-13: Number of galaxies, median measurement uncertainty, adopted scaled uncertainty, for A2142 galaxies. Figure 18 . Comparison of measurements from GMOS-N repeat observations of galaxies in A2029 and A2142. Only the velocity dispersions and the line indices used in the analysis are included on the figure. All comparisons are summarized in Table 11 . Grey points -measurements from spectra with S/N < 15Å −1 . These measurements are omitted from the statistics in Table 11 . Tables   Column header Table 13 Table 14 Table 15 Table 16 Description Cluster/ID 1 1 1 1 Cluster name if more than one cluster in table, galaxy ID number
Sample number, 1=passive bulge-dominated brighter than analysis limit, 2=emission line bulge-dominated brighter than analysis limit 3=bulge-dominated fainter than analysis limit 4=disk-dominated brighter than analysis limit 5=disk-dominated fainter than analysis limit 
